C erebral arteriovenous malformations (AVMs) represent one of the most surgically challenging disease entities that neurosurgeons face. With the addition of endovascular techniques and stereotactic radiosurgery to our armamentarium, the management of cerebral AVMs has evolved over time. In 1986, the Spetzler-Martin grading system was introduced to assist in the complex decision-making process for how to manage AVMs. 1 The routine use of this grading system at our institution has paralleled the evolution in our management of AVMs, and a treatment paradigm has emerged. In this review, we highlight the natural history and management strategies for this disease and discuss a recent simplification of the original classification system. 2 
NATURAL HISTORY
The most common presenting event of AVMs is hemorrhage, which occurs in about half of the patients. 3 The rupture rate of AVM is between 2%/y and 4%/y. [4] [5] [6] [7] [8] [9] Some authors have posited that smaller AVMs rupture at a higher rate than larger AVMs as a result of the pressure sink produced by the latter. 10, 11 The following equation, derived by Brown, 12 is a useful bedside tool: 105 2 (patient's age in years) = (estimated lifetime risk of hemorrhage). After the initial hemorrhage, the risk of rehemorrhage is 6%/y for the first year. The risk then returns to baseline. The risk of serious morbidity or mortality after hemorrhage is 30% to 35%, and the mortality rate after the first, second, and third hemorrhagic events is 10%, 15%, and 20%, respectively. Other common presentations include seizure (25%), headaches (20%), and focal symptoms (15%).
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TREATMENT
Ultimately, the goal of treatment is to improve on the natural history of AVMs. Before treatment is begun, all management risks must be considered, including those associated with diagnosis, surgery, radiotherapy, and interventional radiology. These risks also include both early and late complications and any remaining risk of further hemorrhage. We recently reported a classification system for AVMs that includes a treatment paradigm that may serve as a guide to selecting treatment. 2 
AVM GRADING SYSTEM
The most important decision remains appropriate patient selection. To this end, the Spetzler-Martin grading scale was introduced in 1986. 1 This scale is a 5-tier system based on 3 criteria: size of the lesion, eloquence of the adjacent tissue, and venous drainage (Table 1) . Other recognized factors contributing to the risk of hemorrhage include the patient's age 13 and clinical status, 14 the involvement of perforating vessels, 13, 15 and the compactness of the nidus. 16 These factors were included in grading systems that preceded the Spetzler-Martin classification and in modifications proposed for expanding that classification. 5, 17 However, expansion is associated with dilution; adding new variables reduces the number of patients assigned to each category, in turn reducing statistical power. Adding tiers and variables also may make the use of such systems more cumbersome.
At the Barrow Neurological Institute, we recommend microsurgical removal of grade I and II AVMs and, in general, conservative management of grade IV and V AVMs. Caveats to the latter include partial treatment for AVM-associated aneurysm or steal phenomenon, recurrent hemorrhages, or the presence of neurological deficits localized to the affected brain region. Indeed, we perceive no practical difference within these respective pairs, and we have proposed condensing the original classification from 5 to 3 tiers to reflect this consideration ( Table 2) . 2 In the new system, 2 grades I and II become class A, grade III becomes class B, and grades IV and V become class C. The advantages of this modification include simplification, a larger sample size for each group for analysis of clinical series, and a system that reflects current decision making. Condensing tiers also makes it easier to achieve statistical significance with fewer patients-convenient given the rarity of this disorder. Furthermore, this system allows comparisons with all previously published studies that have used the Spetzler-Martin system.
The initial premise of the 3-tier system is that it reflects a simple treatment paradigm whereby similar management strategies are used for various grades within the 5-tier system. Given that the 5-tier system was initially validated by showing Copyright Ó 2011 by The Congress of Neurological Surgeons 0148-396X its correlation with surgical outcomes, we conducted an analysis of previously published data in which AVM surgical outcomes were stratified on the basis of Spetzler-Martin grade to determine whether the correlations held for the 3-tier system. We found that the smallest differences existed between grades I and II (insignificant) and between grades IV and V (significant but correspondingly small relative risk). 2 Thus, when considered as a tool for estimating surgical risk, those combinations of grades are associated with similar surgical risk. We also showed that the new system retains the predictive accuracy of outcomes validated in the 5-tier system for the studies evaluated. 2 
TREATMENT MODALITIES
Recommendations for management are made on a caseby-case basis. Although microsurgical removal remains the standard for definitive treatment, endovascular neurosurgery and stereotactic radiosurgery are also established treatment modalities for AVMs. We do not recommend partial treatment except in the context of steal phenomenon and AVMs associated with a feeding-vessel aneurysm because it may worsen the natural history of the AVM. 18 
Microsurgical Resection
Microsurgical resection is the first line of treatment for class A AVMs. In our practice, neuronavigation and intraoperative digital subtraction angiography are used in the treatment of all AVMs. During the past decade, we have also adopted the routine use of microscope-integrated indocyanine green (ICG) fluorescent angiography during resection of AVMs. 19 This quick, safe, inexpensive technique facilitates resection by providing immediate high-resolution identification of surface feeding arteries and draining veins. It can also be used to distinguish AVM vessels from normal vessels and arteries from veins on the basis of the timing of the fluorescence. Because ICG angiography provides only a surface view, it is less useful with deep-seated lesions or when AVM vessels are not on the surface. Traditional angiography is thus required to confirm the absence of residual early venous drainage. Angiography with ICG complements rather than replaces digital subtraction angiography, although ICG may decrease the need for multiple angiographic studies during a single case. Some pearls that we have found particularly useful for microsurgical resection include (1) absolute hemostasis with bipolar cauterization, rather than with tamponading with telfas, because persistent bleeding usually indicates persistent AVM; (2) alternating the use of 2 nonstick bipolar forceps while 1 sits in ice water, given the requirement for prolonged coagulation for hemostasis of AVM vessels; and (3) patience.
Endovascular Embolization
Although endovascular therapy is typically used as an adjunct to surgery, reports of curative embolization are increasing. 20, 21 Onyx (ev3, Irvine, California) has been an excellent addition to the endovascular armamentarium, although it is still occupies mass. When Onyx is used as an adjunct to surgical resection, it can be cut or removed with an ultrasonic aspirator. However, its administration is not free of risk. One study showed that 16% of patients with class A AVMs suffered a decline in their modified Rankin Scale score after embolization. 22 
Stereotactic Radiosurgery
Stereotactic radiosurgery can produce an angiographic and clinical cure in many patients, particularly in those with small AVMs. However, radiosurgery offers no protection from hemorrhage for at least 2 years and may leave a residual lesion. Furthermore, radiation necrosis remains a risk. One advantage is that the effect of radiation in reducing the size of the AVM or modifying the quality of the AVM vessel walls may make surgery easier to perform. 
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